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Statistics of whole genome bisulfite sequencing (WGBS)

(A) Comparison of whole genome bisulfite sequencing (WGBS) and lllumina 450k array data
demonstrates high correlation (r>0.9).

(B) Statistics of methylation blocks in ETV6-ALL and HD-ALL. Hyper-blocks are defined as
regions with =75% methylation and hypo-blocks with < in consecutive CpGs. HD-ALL has
larger numbers of hyper- and hypomethylated blocks (865,743 and 128,846, respectively) than
ETV6-ALL (578,413 and 84,157, respectively)

(C) HD-ALL has smaller sizes of hyper- and hypomethylated blocks (median: 1,095 and 104
bp, respectively) than ETV6-ALL (median: 2,013 and 121 bp, respectively)

(D) Collectively, hyper-blocks in ETV6-ALL cover much larger genomic regions (2,140,398,701
bp; 74.3% of whole autosomes) than HD-ALL (2,140,398,701 bp; 64.5% of whole autosomes)
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Methylation changes in different functional compartments: WGBS data.

(A) Methylation difference of CpG island (CGl) regions in ETV6-ALL and HD-ALL compared to
pre-B cell. ETV6-ALL is more methylated than HD-ALL. The degrees of methylation are similar
throughout promoter and gene bodies (approximately +10%) while CGils in intergenic regions
are slightly more methylated.

(B, C) Contour plots show enrichment of de novo DMRs (blue) in CGls in promoters and
5’-bodies due to the dense localization of CGls in promoter and 5’-body. (B) for ETV6-ALL and
(C) for HD-ALL. Profound enrichment of de-DMRs (yellow) is noted upstream regions and
outside CGls.



Supplemental Figure S3

Pre-B cell

ETWE-ALL

HO-ALL

| I I I I I I
a 20000000 40000000 600000000 50000000 100000000 120,000,000
D0 T N INENEEE BN (N NESENAEEIN D N (N NNl PMD (colon cancer)

A O NN N OO ] I 11D DMNIMINNE PMAD (B-zel, tranformed)
ninm 1 I [/ 0l EElEEnm LAD (fibroblast)

Pre-B cell

ETWiE-ALL

HO-ALL

I I I I I
65000000 ER000000 67000000 GE000000 6800

B I D Bl PMD (colon cancer)
N B PMD (B-cell, tranformed)
1 .} | LAD (fibroblast)

g

70,000,000

Global overview of an exemplary chromosome (chr10): WGBS data

Methylation levels of each CpG were plotted against genomic positions. HD-ALL have large
regions with slight demethylation and such regions often coincide with partially methylated
domains (PMD) in a colon-cancer cell-line and an EBV-transformed B-lymphoblastoid cell line and
lamina-associated domains (LAD) retrieved from a fibroblast. The red lines indicate local regres-

sion of average methylation at each position.
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Association of DNA methylation changes with gene expression: WGBS data.

(A) Association between DNA methylation and gene expression in ETV6-ALL (parallel analysis for
HD-ALL is presented in Fig. 3A-C of the main paper). Local regression showing methylation levels
according to genic locations, stratified by expression quintile. Unlike HD-ALL, slight demethylation
of the main body in marginally expressed genes is not observed in ETV6-ALL.

(B) Methylation levels in CGl and DNase HS, stratified by genic location and expression quintile.

(D) Scatter plot of methylation levels around RB1 shows typical patterns of epigenetic remodeling
for gene down-regulation in ETV6-ALL and HD-ALL.

(D, E) Scatter plots of DNA methylation levels around exemplary genes. TP53 and BRCA1 are
down-regulated both in ETV6-ALL and HD-ALL. HD-ALL has more CpGs demethylated in main
body.

(F) JAK2 is up-regulated and its main body is intact in both B-ALLs.

(G) Both main body and 5’-body of ERG are demethylated, but the activating effect of 5’-body
demethylation may contribute more and the gene is eventually up-regulated.
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Enrichment of DMRs of ETV6-ALL according to specific TFs or motifs (parallel analysis for
HD-ALL is presented in Fig.4A-C of the main paper): WGBS data.

(A, B) Positional enrichment of de novo DMRs and de-DMRs of ETV6-ALL against 148 ENCODE
TF-binding sites. Two transcription factors, SUZ12 and CTBP2, are highly enriched around de
novo DMRs while no specific TFs are enriched around de-DMRs.

(C) Enrichment of DMRs of ETV6-ALL according to H3K4me3 (active) and H3K27me3 (repres-
sive) histone marks of H1 embryonic stem cell (ESC) shows remarkable enrichment of de novo
DMRs in bivalent domain characterized by co-occupancy of both histone marks.
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Enrichment of DMRs of ETV6-ALL according to histone marks of different somatic

tissues: WGBS data.

From the Broad histone track, we retrieved information on histone marks of different types of
somatic tissues. Compared to ESCs, bivalent regions in the somatic cells were much smaller
but still showed higher enrichment rates for de novo DMRs. The somatic cells cells had large
H3K27me3 domains, and as to absolute numbers, de novo DMRs were far more enriched in
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Statistics of methylation HM450 array.

(A) Similarities of B-ALLs in comparison with different developmental stages of normal B-cells (S1,
multipotent progenitors/pro-B cells; S2, pre-B-I cells; S3,pre-B-Il cells; S4, immature B cells). Simi-
larity scores were calculated using the Pearson correlation coefficients [s=(1+r)/2].

(B) Overview of DMRs (methylation difference >20% and FDR-corrected P<0.01) of B-ALLs.
Volcano plot and Venn diagram showing DMRs compared to normal pre-B cells.

(C) Relative densities according to locations to gene structure show enrichment of de novo DMRs
around promoters and de-DMRs around main body.
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Methylation changes according to specified regions: HM450 array.

(A) In concordance with the findings from WGBS, promoter, 5’-body and CGls are on average
methylated and main body and CGI shelves are demethylated, with different degrees in individual
tumors and individual clusters.

(B) CGis tend to be methylated regardless of the genic location, and DNase HS tend to be more
methylated around promoters and the 5’-body, with a wide variability according to each tumor and
each cluster.

(C) De novo methylation in CGls and DNase HS are more remarkable in CpGs inside LADs
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DMRs in each tumor and cytogenetics group: HM450 array.

(A) Venn diagram showing shared and cytogenetic-specific DMRs. Three cytogenetics groups
largely share common DMRs but each also has specific DMRs.

(B) The numbers of DMRs in each tumor varied across broad ranges. Methylation cluster IV had
larger numbers of DMRs while cluster || had smaller numbers.
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B-ALLs vs the other B-ALLs.
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DNA methylation in CGl and backbone regions: HM450 array. (A) Average methylation
changes of CGls and backbones in whole autosomal CpGs in individual cases. Different
degrees of methylation changes were noted according to the methylation clusters. (B) Hyperdip-
loid group shows more demethylation of backbones and is more demethylated than
ETV6/RUNX1. (C,D) Parallel analyses using CpGs in LADs show exaggeration of the trend that
methylation clusters have different degrees of methylation chages and hyperdiploid have more
demethylation. (E) Analysis on an another clinical cohort (Nordlund et al. 2013) illustrates
increased CGI methylation and slight backbone demethylation in most relapsed clones.
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Demethylation of backbones and the correlation of LADs: HM450 array. (A) Circular heat-
maps showing methylation changes of backbones across whole genome. From outside to
inside, hyperdiploid, ETV6/RUNX1 and other cytogenetics groups are presented. (B) Examples
of LADs showing strong correlations of average methylation values with each other. (C) Circular
plot showing LADs with strong correlations (red lines for r >0.9 and gray lines for r >0.85). Blue
bars indicate LADs.
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CTBP2 enrichment

TF enrichment using HM450 array data. (A) Enrichment analysis of DMRs from the HM450
array data against the ENCODE TF tracks showing significant enrichment of SUZ12 and CTBP2.
Y-axis is log2-scaled. (B) Enrichment rates of SUZ12 and CTBP in individual tumors illustrate a
co-enrichment with higher rates of the clusters Ill and IV.
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Enrichment of de novo DMRs and de-DMRs of individual tumors against the 148

ENCODE TF binding sites: HM450 array. Y-axis is log2-scaled.
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Correlation of expression with genic location and copy numbers: HM450 array and
Affymetirx Gene 1.0 ST array data.

(A) As to genic location, CGls show a strong negative correlation in promoters and backbones
show slight positive correlation in the gene’s main body. Genes with expression levels (log2-ra-
tio) >6.0 are selected.

(B) The average expression levels between genes in disomy and trisomy chromosomes, sug-
gesting that different mechanisms besides copy number gain contribute much to gene expres-
sion control.
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Examples of top genes differentially expressed: Affymetrix Gene 1.0 ST array. (A) DEGs
between B-ALLs and normal pre-B cells. Genes were ranked according to the AUC values of
the ROC analysis, after filtering by log2-fold difference (>2). (B) DEGs between ETV6/RUNX1
and the other B-ALLs. Genes were ranked according to the AUC values after filtering by
log2-fold difference (>1.5). (C) DEGs between hyperdiploid and the other B-ALLs. Genes were
ranked according to the AUC values after filtering by log2-fold difference (>1.5).
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Example of a significant upstream regulator: Ingenuity Pathway Analysis results from
the Affymetrix Gene 1.0 ST array data. NUPR1 is a transcription factor with the highest acti-
vation z score with P-values <1.0x10°. Most target genes previously known to be suppressed
by NUPR1 are down-regulated and most genes known to be activated by NUPR1 are up-regu-
lated, suggesting the activity of NUPR1 is increased in tumor cells.
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Expression levels of key developmental genes and significant regulators: Affymetrix
Gene 1.0 ST array data.

Expression levels of methylation clusters and control B-cells according to maturation stages
(S1, multipotent progenitors/pro-B cells; S2, pre-B-1 cells; S3,pre-B-Il cells; S4, immature B
cells; BC, mature peripheral B-cells). Most B-ALLs are previously known to be close to S2 and
S3, as exemplified by CD79A. However, different degrees of dysregulation is noted in different
genes which dynamically change during normal development.
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Type

CCND1 transcription regulator
CDKN2A transcription regulator
HIF1A transcription regulator
IRF7 transcription regulator
MYC transcription regulator
NUPR1 transcription regulator
RB1 transcription regulator
RELA transcription regulator
SMARCB1 transcription regulator
STAT4 transcription regulator
TBX2 08 transcription regulator
TP53 28 transcription regulator
XBP1 [18 14 25 33 20 22 17 28 1.5 B198 1.2 2 03 06 10 17 transcription regulator
IFNA2 cytokine
IFNB1 15 06 26 21 09 05| cytokine
IFNG cytokine
IFNL1 m cytokine
IL1A |33 30 36 cytokine
IL1B cytokine
IL1RN cytokine
IL2 cytokine
IL4 21 14 10 20 cytokine
IL5 cytokine
IL6 cytokine
osMm cytokine
TNF cytokine
TNFSF11 21 26 23 30 cytokine
EGF 33 22 39 36 growth factor
HGF 14 12 33 06 -1.2 -15 growth factor
TGFB1 growth factor
TLR3 transmembrane receptor
TLR4 transmembrane receptor
TLR9 transmembrane receptor
IKBKB kinase
RAF1 kinase
SYVN1 transporter
TGM2 enzyme
F2 H Iiil peptidase

NFkB (complex) complex
PDGF BB complex
CD3 complex
ERK group
IFN Beta group
L1 group
Interferon alpha group
Vegf group
EP400 |-32 £ ns other
INSIG1 [-20 -25 -39 -35 0 20 23 ns other
MYD88 |22 44 43 34 20 (43 35 32 other
miR-1 (GGAAUGU) |[-14 ns 07 ns ns ns ns ns mature microRNA
miR-124-3p (AAGGCAC) |-23 -1.1 -14 23 02 01 -39 mature microRNA
prostaglandinE2 [ 1.0 19 19 11 30 26 ns chemical - endogeneous
tretinoin 14 chemical - endogeneous
uric acid | 3.2 19 [37 0.7 chemical - endogeneous
LY294002 |-36 -3.0 27 -30 -18 -39 chemical - kinase inhibitor
PD98059 -33 chemical - kinase inhibitor
SB203580 chemical - kinase inhibitor
SP600125 chemical - kinase inhibitor
uo126 chemical - kinase inhibitor
AGN194204 chemical drug
calcitriol chemical drug
CD 437 chemical drug
CpG oligonucleotide chemical drug
doxorubicin chemical drug
gentamicin chemical drug
lipopolysaccharide chemical drug
phorbol myristate acetate chemical drug
sirolimus 9 -23 -34 -1.0 -15 chemical drug
GnRH-A chemical reagent
poly rl:rC-RNA chemical reagent

cigarette smoke

15 35 33 30

chemical toxicant

Comparisons of expression profiles of each cluster to each developmental stage: Inge-
nuity Pathway Analysis results from the Affymetrix Gene 1.0 ST array data. Comparisons
against each developmental stage of B-cell suggests activities of B-ALLs to be higher than
normal pre-B cells and lower than mature peripheral B-cells in some tumor suppressors like
RB1, CDKN2A and TP53. And the inverse was the case for some proto-oncogenes like MYC
and TBX2.



